Migratory behavior incurs energetic costs that may influence the time and energy available for reproduction including territory establishment, courtship, pair formation, incubation, and brood care. Conversely pair formation and parental care may leave less time and energy available for migration and other nonbreeding behaviors. Therefore, natural selection favoring migratory behavior may influence breeding system evolution and vice versa. We used phylogenetic comparative methods to investigate relationships between migration distance and the wide diversity of breeding systems in shorebirds (sandpipers, plovers and allies). Consistent with previous studies, we show that long-distance migration is associated with reduced male care across shorebird species. We then use directional phylogenetic analyses to test whether migration distances have tended to increase or decrease over time and whether such evolutionary changes have preceded or followed changes in parental care. We show that evolutionary transitions from short-distance migration to long-distance migration have coevolved with changes from full biparental care to reduced male care. Furthermore, our directional analyses suggest that increments in migration distance are more likely to have preceded reductions in male care than vice versa. We also show that male polygamy is associated with northern breeding latitudes when the nonbreeding latitude is controlled statistically. Although this suggests that mating systems, parental care, and migration have more complex relationships than previously thought, our results are consistent with the hypothesis that migration influences breeding system evolution.
S easonal migration is a prominent feature of the life cycles of many birds, mammals, fish, and insects (Baker 1978; Gauthreaux 1980; Wikelski et al. 2006) . It allows animals to exploit advantageous conditions and breed in regions where the climate is hostile for most of the year (Alerstam et al. 2003; Gunnarsson et al. 2005; Mathot et al. 2007 ). Migration, however, requires time and energy (Wikelski et al. 2003 ) that may reduce budgets available for key reproductive activities such as parental care (Ashkenazie and Safriel 1979; Urano 1992; Bearhop et al. 2005) and competition for mates (Møller 1994; Kokko 1999; Drent et al. 2003) . Therefore, there may be trade-offs between migration, parental care, and mating systems, such that natural selection favoring migratory behavior may influence breeding system evolution (Helm et al. 2006) . Conversely, sexual selection and parental care may reduce the time and energy available for migration and other nonbreeding behaviors. Consequently, the evolution of breeding system may either determine or respond to variation in migratory behavior (note that we define breeding system as including both mating system and parental care; see Reynolds 1996) .
Despite extensive empirical studies of migratory behavior and breeding systems and logical arguments for causal links between them, remarkably little is known about how migration and breeding systems may have coevolved. To our knowledge, birds are the only group in which the coevolution of breeding systems and migratory behavior has been studied. Myers (1981) and Reynolds and Székely (1997) showed that migration distances are typically longer in shorebird species (Charadriiformes) in which the male provides little or no parental care.
If there is a trade-off between the costs of parental care and migratory distance, we can envisage 2 alternative scenarios that differ in the direction of causation. First, long periods of parental care could limit the time and energy available for migration and select for short-distance migration (Ashkenazie and Safriel 1979; Myers 1981; Reynolds and Székely 1997) ; hence, migration distance is determined by parental care. Alternatively, long-distance migration may limit the time and energy available for parental care and favor early desertion by one or both parents such that migration distance determines parental care. These 2 alternatives predict that reduced parental care should be associated with long-distance migration. Collectively, we term these scenarios the parental care hypothesis.
It is also possible that sexual selection, rather than parental care, is the key to the relationships between migration and breeding systems. Again, 2 alternative scenarios have been proposed. The early arrival scenario proposes that the costs of sexual selection could constrain long-distance migration and favor short-distance migration and early arrival to the breeding grounds of the sex under strong sexual selection (Kokko 1999; Oring and Lank 2004) . In contrast, the asynchronous breeding scenario suggests that long-distance migration may intensify sexual selection. Migrant species may arrive asynchronously at breeding areas according to their sex and condition, promoting a bias in the adult sex ratio and high variation in the quality of the mating partners, leading to strong sexual selection (Fitzpatrick 1994; Spottiswoode and Møller 2004; Smith and Moore 2005; Albrecht et al. 2007 ). In terms of causation, the early arrival scenario proposes that the mating system influences the evolution of migration, whereas the asynchronous breeding scenario proposes that migration influences mating systems.
The parental care and sexual selection hypotheses are not mutually exclusive. This is because parental care and sexual selection are tightly related, with reductions in parental care in one or the other sex are often associated with strong sexual selection (Andersson 1994; Thomas and Székely 2005; Székely et al. 2006) . Consequently, if, for example, reductions in care were associated with long-distance migration, they would also be associated with increases in the strength of sexual selection. However, by examining both correlations and the order of occurrence (i.e., contingency) between breeding systems and migration, it is possible to separate all but the asynchronous breeding scenario (sexual selection) from the parental care scenario in which the evolution of long-distance migration favors reductions in the duration of care.
The fact that the sexual selection and parental care hypotheses predict that natural selection favoring migration is equally likely to be driven by, and respond to, variation in sexual selection or parental care highlights why causation has proved difficult to interpret (Myers 1981; Reynolds and Székely 1997) . Previous studies have attempted to distinguish cause and effect with reference to recent glaciations. They argued that recent migratory routes are likely to have evolved after successive periods of glaciation in the Quaternary epoch (Alerstam 1990; Reynolds and Székely 1997; Bell 2000; Buehler et al. 2006; Milá et al. 2006) . Hence, Reynolds and Székely (1997) proposed that migratory routes most likely evolved more recently than breeding systems, implying that the evolution of migratory behavior is more likely to be driven by breeding systems than vice versa. However, glaciation cycles are unlikely to be informative in determining cause and effect for 2 reasons: First, although many contemporary migration pathways could not have existed when current breeding grounds were covered by ice, it is still possible that species that currently migrate furthest may have always done so in different locations. For example, Williams and Webb (1996) showed that contemporary migratory pathways of North American passerines could predict their migratory routes during Quaternary glaciations. Therefore, there is no reason to assume that relative migration distance must have been determined after breeding systems (Thomas et al. 2007) . Second, breeding systems may be as evolutionarily labile as migratory behavior because breeding behavior varies both within and between species in birds and particularly in shorebirds (Lank and Smith 1987; Ligon 1999; Bennett and Owens 2002; Székely et al. 2006) . This implies that migration and breeding systems might have coevolved before, after, and during glaciations. Consequently, the issue of the likely mechanism that relates migration and breeding systems remains unclear.
Here we extend the analyses of Myers (1981) and Reynolds and Székely (1997) on the relationships between migration and breeding systems in shorebirds (Charadriiformes). In particular, we focus on sandpipers, plovers, and allies (Burhinidae, Charadriidae, Chionidae, Glareolidae, Jacanidae, Pedionomidae, Pluvianellidae, Rostratulidae, Scolopacidae, and Thinocoridae). We did not include alcids, gulls, terns, and skuas (Alcidae and Laridae) in the current study because they exhibit little variation in their breeding systems. Sandpipers, plovers, and allies breed from the Arctic to Antarctica across a wide range of latitudes and climates, and they include both long-distance migrants and resident species (Hötker et al. 1998; Piersma and Lindström 2004; van de Kam et al. 2004) . They also have unusually diverse breeding systems including social monogamy, sex-role reversed polyandry with male-only care, social polygyny with female-biased care, and lekking with femaleonly care (Pitelka et al. 1974; Hildén 1975; Erckmann 1983; Oring and Lank 1986; Székely et al. 2006 ; Thomas et al. 2007 ). We exploited this natural diversity to evaluate the parental care and sexual selection hypotheses by testing: 1) the relationships between migration distance and parental care with mating systems used as a proxy for the strength of sexual selection, controlling for climatic effects that predict migration distance; 2) which of the causal conditions is more likely--whether increases in migration distance precede changes in the breeding systems or vice versa; and 3) an alternative scenario in which the relationships between migration distance and breeding systems could be associated with changes in latitude of the breeding or the nonbreeding grounds (Pitelka et al. 1974; Myers 1981) .
MATERIALS AND METHODS

Breeding and wintering latitudes and migration distance
We estimated the migration distance and the breeding and nonbreeding latitudes of 138 shorebird species based on geographical distribution maps (del Hoyo et al. 1996; Riede 2004) . Latitudes were estimated on a continuous scale of decimal degrees from the southernmost latitude (290°) to the equator (0°) and to the northernmost latitude (90°). Migration distance was estimated as the latitudinal distance (kilometers) between centroids of the breeding and nonbreeding areas for each species, measured on an earth model WGS84 (Vicenty 1975; Kleder 2004) . For 30 species classified as resident (nonmigrant), by del Hoyo et al. (1996) , migration distance was taken as 0 km. Our estimates of migration distances are highly correlated with an independent set of migratory distance data used by Myers (1981) (n ¼ 24, Spearman's test: r ¼ 0.848, P , 0.001). The full data set and the sources of data are available in Appendix 1 of the electronic Supplementary Material.
Breeding systems
Following Reynolds and Székely (1997) and Thomas et al. (2007) , we scored the duration of parental care for each sex separately on an ordinal scale: no care, if the parent deserts the offspring immediately after egg laying: 0 ¼ desertion before hatching of the eggs, 1 ¼ desertion during 1st third of incubation, 2 ¼ desertion during 2nd third of incubation, 3 ¼ desertion at 3rd third of incubation, 4 ¼ desertion during 1st third of fledging period, 5 ¼ desertion during 2nd third of fledging period, 6 ¼ desertion during 3rd third of fledging period, and 7 ¼ care provided by the parent until (or beyond) fledging of the chicks.
The extents of male and female polygamy were used as proxies for the intensity of sexual selection on each sex, consistent with previous phylogenetic comparative analyses (Liker and Székely 2005; Olson et al. 2008 ). Multiple paternity is uncommon in socially monogamous shorebirds and high in polygamous species (Table 1 in Thomas et al. 2007 ); therefore, we are confident that the extent of polygamy provides a reasonable index of the intensity of sexual selection. Polygamy was scored independently for each sex on an ordinal scale following Thomas et al. (2006) : 0 if no polygamy is reported in the species, 1 if the extent of polygamy is anecdotal (,1%), 2 if polygamy is 1-5%, 3 if of polygamy is 6-20%, or 4 if polygamy occurs in more than 20% of cases.
Confounding effects
Offspring developmental mode correlates with various traits in shorebirds, including parental care and social mating system (Thomas and Székely 2005; Thomas et al. 2006 ). Thus, we took into account information on offspring development scored as semiprecocial (0) or precocial (1). This reflects the feeding requirements of the young; precocial chicks feed themselves within hours of hatching, whereas semiprecocial chicks rely on the parents for food (Lack 1968; Starck and Ricklefs 1998) .
Previous comparative studies used latitude as a proxy for ambient temperature, seasonal heterogeneity, and the length of the breeding season (Myers 1981; Reynolds and Székely 1997) . Here, we separate the climatic effects associated with breeding latitude into the ambient temperature in the breeding season and the length of the egg-laying season. First, we used the number of days between the start and finish of egg laying reported for the species as an estimate for the length of the breeding season. Second, we took the ambient temperature in the breeding season as the mean of the monthly average temperatures in the breeding range during the egg-laying season. Ambient temperatures within the breeding range of each species were calculated from a grid data set of 0.5 decimal degree resolution (Lemans and Cramer 1991; Hearn et al. 2003) .
Phylogenetic comparative analyses
We used the only complete phylogenetic hypothesis available for shorebirds (a supertree phylogeny; Thomas et al. 2004) and phylogenetic general linear models (PGLMs) to test for relationships between migration distance, breeding latitude, and breeding systems. PGLMs control for the nonindependence of interspecific data ascribed to phylogenetic inertia (Felsenstein 1985; Grafen 1989; Harvey and Pagel 1991) . In all models, we estimated and fitted the maximum likelihood value of k: a scalar that provides the best fit of the phylogeny to the data and ensures that the appropriate degree of phylogenetic autocorrelation is accounted for (Pagel 1997 (Pagel , 1999 Freckleton et al. 2002) . To test our hypotheses, we built a full model that included all potential predictors (specified for each analysis below). We then reduced the full model to a minimum adequate model (MAM, Crawley 2002) by starting from the full model and progressively eliminating the predictor with the highest P value in the model to produce a MAM containing only significant predictors (P value 0.05). We tested alternative models and corroborated the influence of each eliminated predictor by adding it back into the MAM. All PGLMs were performed in R software (R Development Core Team 2005), using a script kindly provided by R. P. Freckleton.
The response variables (migration distance and breeding and nonbreeding latitudes) were nonnormally distributed regardless of various transformations (log [x 1 1] or square root). Therefore, to ensure that the assumption of normal distribution of errors was not violated, we verified that the residual variation of the PGLMs was normally distributed. Shapiro-Wilk tests on the normality of residuals of each model are presented.
Migration distance and breeding systems
We tested the relationship between migration distance (response) and breeding systems using PGLMs. Previous studies in shorebirds have shown that the extent of polygamy is associated with the provision of parental care (Thomas and Székely 2005; Székely et al. 2006) . Because there is a potential risk of error if variables with redundant information are included in the same model, we performed separate analyses for parental care and for the extent of polygamy (see Appendix 2 of the electronic Supplementary Material for tests of the correlation among all pairs of predictor variables). In one analysis, we included male care, female care, offspring developmental mode, length of the breeding season, and ambient temperature as predictors; whereas in the other analysis, we included male polygamy, female polygamy, offspring developmental mode, length of the breeding season, and ambient temperature. From these full models, we eliminated nonsignificant predictors to find the MAM.
Breeding and nonbreeding latitudes and breeding systems
Interspecific variation in migration distance may be due to variation in the breeding latitude, nonbreeding latitude, or both. Consequently, correlations between migration and breeding systems may be driven by changes in species' distributions, rather than by migration distance per se. We tested these alternatives using PGLMs. First, we modeled the breeding latitude (response) using the nonbreeding latitude and the breeding system as predictors and produced MAMs using the procedure described previously. We expected a quadratic relationship between breeding latitude and nonbreeding latitude because resident species are likely to breed at southern and tropical latitudes and stay near the breeding areas during the nonbreeding season. In contrast, species that breed at northern latitudes are likely to be long-distance migrants that migrate to southernmost latitudes in the nonbreeding season (Steadman 2004) . Second, we modeled the nonbreeding latitude (response) using the breeding latitude and its quadratic relationship as predictors and tested the relationships between breeding systems and breeding latitude following the same procedure as above.
Contingency tests on the directions of transitions
We used the discrete method (Pagel 1994) breeding system or whether evolutionary changes in the breeding system were contingent on the type of migration (long or short distances). Contingency tests require estimates of the state of each trait at the root of the phylogeny. Thus, we reconstructed root states using maximum likelihood and parsimony methods in MESQUITE 2.01 (Maddison WP and Maddison DR 2006 , http://mesquiteproject.org/). Parsimony methods corroborated the root states reconstructed by maximum likelihood methods, and these are consistent with previous studies: the root state of the breeding system in shorebirds is inferred to be social monogamy with male and female care (Székely and Reynolds 1995; Borowik and McLennan 1999; Reynolds et al. 2002; Thomas and Székely 2005) . The root state for migration was short-distance migration using the mean of all species' migration distances (3773 km) as a cutoff point (i.e., below and equal to the mean ¼ short-distance migrants or above the mean ¼ long-distance migrants).
Because Discrete requires a fully bifurcating phylogeny, we resolved all polytomies by randomly placing branches of 0.00001 million years in length using TreeEdit v1.0a10 (Rambaut and Charleston 2002) , and the same phylogeny was used in the PGLMs (above). Discrete requires binary traits, but the cutoff point when coding a continuous variable as a discrete variable can influence the results, particularly if the cutoff is essentially arbitrary with respect to biology (Pérez-Barbería et al. 2002) . We therefore scored each species as a short-distance migrant (0) or as a long-distance migrant (1) using 4 alternative cutoff points: migration distance was scored as 1 if its value was above or equal to: 1) the first quantile (249.1 km), 2) the third quantile (6784.0 km), 3) the median (2927 km), and 4) the mean (3773.4 km) migration distance across species. In this way, we were able to test the robustness of our results to different cutoff points. We transformed parental care into a binary scale using hatching as a biologically meaningful cutoff point in offspring development. Specifically, male and female parental care were scored as: reduced care (0), if parental care is only provided by the focal sex before the young hatch, or full care (1), if parental care is provided by the focal parent both before and after the young hatch. We only performed contingency tests for relationships that were statistically significant in the PGLMs; thus, we did not test the relationships between migration distance and the extent of polygamy (see Results).
We first tested correlated evolution between migration and breeding systems. Then, we used contingency tests to compare the likelihoods of 2 hypothesized evolutionary pathways: (A) changes in the breeding system preceded changes in migration distance or (B) changes in migration distance preceded changes in the breeding system (Figure 1 ). Statistical significance of the most likely pathway was tested by comparing the maximum likelihoods (Lhs) of 2 models: the precedence model that estimated a separate parameter of the likelihood for each evolutionary pathway (A 6 ¼ B) against a null model that assumed the evolutionary pathways were equally likely (A ¼ B) . The maximum likelihood of the precedence model and the null model were compared using the likelihood ratio statistic (LR ¼ 2[Lh precedence 2 Lh null ]), and statistical significance of the difference between the 2 models was tested with a v 2 test of 1 degree of freedom (df ), by assuming that LR has an asymptotic v 2 distribution of df equal to the difference of the number of parameters estimated between 2 nested models (Pagel 1994 (Pagel , 1997 . This assumption is consistent with previous studies (Pagel 1994 (Pagel , 1997 Pérez-Barbería et al. 2002) . Note that the precedence model and the null model are nested models that differ by one parameter.
RESULTS
Migration distance and breeding systems
Migration distance was correlated with the length of the egglaying season and ambient temperature. Thus, not surprisingly, shorebirds that breed in cold environments and have short breeding seasons migrate over larger distances than species that breed in warm environments and have long breeding seasons (Table 1) . There was also a significant interaction between length of the egg-laying season and ambient temperature such that in cold environments migration distance decreases more rapidly with increases in the egg-laying season than in warm environments (Figure 2) . By controlling for these climatic effects, we confirmed that reduced care was correlated with long-distance migration and that this relationship is only significant in males but not in females (Table 1) . There were no significant relationships between migration distance and male polygamy (t ¼ 0.511, P ¼ 0.610) or female 
Breeding latitude, nonbreeding latitude, and breeding systems
The relationship between migration distance and breeding system appeared more likely to have been driven by changes in both breeding latitude and nonbreeding latitude than either of these alone. In species that breed in the north, males but not females were more likely to provide reduced care to the offspring and to be more polygamous than species that breed in the south (Figure 3 , Tables 2 and 3 ). In addition, we found that species that spend the nonbreeding season in the south relative to their breeding latitude were likely to have reduced care by males but not by females, although the relationship was weaker than with breeding latitude (Figure 3 , Table 4 ).
Neither male polygamy (t ¼ 20.329, P ¼ 0.743) nor female polygamy (t ¼ 0.210, P ¼ 0.834) were associated with nonbreeding latitudes after controlling for breeding latitude (R 2 ¼ 0.396, F 6,104 ¼ 14.514, P , 0.001).
Directions of transitions
We followed up the previous regression analyses of migration distance and male care by testing whether there was a tendency for changes in one trait to precede the other. First, we corroborated that changes in migration distance evolve in association with transitions in male care (correlated models in Table 5 ). We found that the null model, that is, that the alternative pathways A and B in Figure 1 are equally likely, was rejected in favor of the precedence model in which the likelihoods of pathways A and B differ (LR ¼ 8.554, P ¼ 0.003, df ¼ 1, Table 5 ). In the precedence model, using the mean as cutoff point of long-distance migration, the likelihood of B (0.0118) was significantly higher than the likelihood of A (0), suggesting that transitions toward reduced care are contingent on increases in migration distance. This result remained significant when using the mean, the median, or the third quartile, but not the first quartile, as the cutoff point for migration distance (Table 5) .
DISCUSSION
This study provides the first evidence concerning the directions of the evolutionary transitions that have led to contemporary associations between breeding systems and migration distances in shorebirds. Our results corroborate previous studies, which indicated that long-distance migration in shorebirds is correlated with reduced care (Myers 1981) and that this reduction is true for care provided by males but not by females (Reynolds and Székely 1997) . We have now extended these analyses to include relationships with climatic variables on the breeding grounds (i.e., ambient temperature and the length of the egg-laying season) as well as considering explicitly the latitudes where the birds breed or spend the winter. We showed that the association between migratory behavior and breeding systems is independent of climatic factors that favor the evolution of migration (Cotton 2003; Outlaw and Voelker 2006; Boyle and Conway 2007; Dawson 2007) .
A key discovery is that increases in migration distance are more likely to have preceded reductions in male parental care than vice versa during the evolutionary history of shorebirds. This result does not support the hypothesis that changes in Table 2 Full phylogenetic linear model (PGLM) between breeding latitude (response variable degrees) and parental care (R 2 5 0.426, F 6,114 5 16.007, P < 0.001) after controlling for the nonbreeding latitude (degrees) and offspring development (precocial or semiprecocial) parental care may have preceded changes in migration distance (Reynolds and Székely 1997) . Instead, if the relationships between the distance of migration and breeding system are ascribed to causality, it is possible that long-distance migration may impose a cost to males providing parental care. Our sensitivity analyses (Table 5 ) support the hypothesis that migration distance, rather than migration per se, influences breeding systems because the relationship remained significant when migration was classified as long-distance migration above the median (2927 km) but not when it was classified below the first quartile (249.1 km). We note that the first quartile essentially separates resident or vagrant species from migrants, whereas the mean, median, and third quartile separate short-distance migrants from long-distance migrants. This evidence supports the idea that natural selection favoring long-distance migration has influenced breeding system evolution (Ashkenazie and Safriel 1979; Myers 1981) . In regard to the effects of sexual selection on migration, we do not support the hypothesis that intense sexual selection constrains longdistance migration (i.e., the early arrival scenario) because we found no relationship between the extent of polygamy and migration distance. In fact, the tests on the direction of transitions suggest that increases in migration distance were more likely to influence the breeding system than vice versa, providing opposite evidence to the early arrival scenario. However, we cannot reject the asynchronous arrival hypothesis because long-distance migration may intensify sexual selection (Fitzpatrick 1994; Spottiswoode and Møller 2004) and consequently favor reductions in parental care. Therefore, the observed relationship between male care and migration distance may arise if the duration of parental care is influenced by the intensity of sexual selection (Thomas and Székely 2005) .
It remains difficult to explain why only males and not females reduce their contribution of parental care in relation to migration distance. One possibility is that our proxy of migration may not incorporate all the complexities of the migration phenology such as sex-specific migration distances or arrival dates. This could be relevant as sex-specific and agespecific migrations have been documented in other studies of some passerines and shorebirds (Reynolds et al. 1986; Belthoff and Gauthreaux 1991; Komar et al. 2005; Nebel 2005; O'Hara et al. 2005 ). Another possibility is that the energetic costs of long-distance migration, relative to the benefits of having energy reserves on arrival, may be higher for males than for females because sexual selection to arrive early in the breeding season is usually stronger in males (Møller 1994; Morbey and Ydenberg 2001; Kokko et al. 2006; Spottiswoode et al. 2006) . Previous studies have found that longdistance migrant species have larger testes and higher rates of extrapair paternity than resident species (Møller 1994; Spottiswoode and Møller 2004; Stutchbury et al. 2004; Albrecht et al. 2007 ). Furthermore, the majority of shorebird species in which sexual selection is stronger in females than males breed in the tropics or subtropics, are not migratory, and come from a single monophyletic clade (jacanas, Jacanidae and painted-snipes, Rostratulidae; Thomas et al. 2004; Baker et al. 2007 ). Thus, a signal of sexual selection in long-distance migrant shorebirds that exhibit polyandry may be swamped by the unusual evolutionary history of the single clade of jacanas.
One major result has been to show that polygynous species, in which parental care by the male is reduced, are more likely to breed at northern latitudes and spend the nonbreeding season at southern latitudes than socially monogamous species in which males provide full parental care. Therefore, the social breeding behavior of long-distance migrants may be influenced by the quality of the breeding and nonbreeding grounds and the costs of migration. These results corroborate Myers' (1981) study that showed that breeding systems are associated with the nonbreeding and breeding latitudes. Our advance has been to use multivariate analyses to test the association between breeding and nonbreeding latitudes as well as to provide the first phylogenetic tests that allow inference of the precedence of evolutionary transitions. We suggest that long-distance migration may influence breeding systems in Likelihood ratio (LR) tests are presented for 2 models: the ''correlated'' model tests for correlated evolution of long-distance migration and male parental care and the ''precedence'' model tests in which evolutionary pathway is more likely along the evolutionary history of shorebirds. Tests were performed at 4 cutoff points for migration distance (see Materials and methods). The first value in each cell is the LR and P values are in parentheses.
2 additive ways: directly by influencing male care and the intensity of sexual selection and indirectly by allowing birds to breed in northern habitats where ecological conditions allow male polygamy and reduced male care (Pitelka et al. 1974; Chalfoun and Martin 2007) . Indeed, previous studies have shown that the provision of parental care in shorebirds is associated with the quality of the breeding habitat (Reynolds 1987; Ens et al. 1992; Székely and Cuthill 1999) . Taken together, our results show that climatic factors can predict migration distance in shorebirds and that the evolution of long-distance migration may have preceded reductions of parental care by the male but not by the female. This evolutionary pathway may be the outcome of 2 additive processes. First, long-distance migration may influence breeding systems directly by inflicting an energetic cost and increasing the strength of sexual selection. Second, long-distance migration may influence breeding systems indirectly by allowing species to breed at high-latitude habitats in which ecological conditions could favor polygamy and allow uniparental care.
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